As the population of the world gets older, cognitive and mental health decline in older adults has become one of the most pressing scientific problems of the 21st century. It has been well-established that multiple pathways exist that can lead to future cognitive decline and the development of age-related mental health conditions. Making matters more complicated is the fact that aging is not a homogenous or simple process; rather, each person brings a diverse set of circumstances to the table, leading to differences in biologically aging. Research is needed to identify how the intersection of environmental and biological factors may protect older adults or put them at future risk for cognitive decline and the development of age-related mental health conditions. Furthermore, each potential factor may impact different domains of cognition and mental health or may impact individuals differentially based on genetic, environmental, social, emotional, and behavioral factors. Neuroimaging is one key tool that can be used to discover and assess markers of cognitive and mental health. The goal of this special issue is to expand the science on how biological markers can aid the understanding of aging and mental health through the lens of the individual from an international perspective, representing Germany, Taiwan, Thailand, the United Kingdom, and the United States. Common themes from these articles are used to support the new Seed and Soil Model of Neurocognitive Disorders.
Introduction
The increased attention to the aging population has also given rise to an increased focus on age-related neurocognitive disorders such as Alzheimer's disease. This concern is exemplified by the 21 st Century Cures Act in the United
States that was recently signed into law by President Barack Obama. This law was designed, in part, to provide funding for research involved in Precision Medicine and the BRAIN initiatives. These initiatives recognize that combatting cognitive decline and the onset of mental illnesses might best be achieved by early detection and prevention methods. While a surge of clinical trials has attempted to stop or reverse pathology in those with the disorders such as Alzheimer's disease, these trials have failed (Schneider et al., 2014) . Ultimately, these failures suggest that preventing rather than treating such neurocognitive disorders might be the only way to effectively combat them.
Targeting people who will eventually develop neurocognitive disorders requires understanding how normal aging differs from pathological aging. These two different trajectories, however, are difficult to disentangle through cognitive or emotional measures because preclinical stages of a disorder, by definition, do not carry the hallmark features of the disorder. Brain measures, however, can reveal alterations sometimes decades before cognitive or emotional changes such as Alzheimer's disease Jack et al., 2013) , thus placing these tools at the forefront of research investigating early detection of disorders. By detecting individuals at preclinical stages, individuals can be targeted for treatments once they become available to potentially prevent disorders before symptoms ever manifest (Sperling et al., 2014) . While this progress is promising, more research is needed to better understand the range of normal brain aging. Furthermore, many brain markers often are small to moderately correlated with progression to various cognitive disorders, resulting in imperfect predictive models. Nevertheless, the evolution of the science of neurocognitive disorders using neuroimaging keeps pushing the edge of research on early detection of age-related mental illnesses.
For decades (and still to this day), hippocampal volume has been the most well-studied structural marker that differentiates between Alzheimer's disease and normal aging (e.g., Hedden & Gabrieli, 2004; Jack et al., 1998; Raz & Rodrigue, 2006) . Within the past decade, a set of new structural markers assessed using cortical thickness have grown in popularity also to separate different aging trajectories Dickerson et al., 2009; McDonough, 2017; McDonough et al., 2016) . While measures of volume and thickness have dominated research questions on successful aging, other measures of shape have been relatively less explored. In this issue, Madan explored the relationship between novel markers of agerelated neuroanatomical decline in relation to well-known volumetric measures in subcortical structures including the hippocampus. Across two large independent samples and six different measures of brain morphometry, two markers predicted the majority of age-related variance: fractal dimensionality and surface-to-volume ratio. The current findings clarify the age-related differences in the shape, not just volume, of subcortical structures in the brain and provide strong evidence for additional biological markers of aging. Thus, preserved fractal dimensionality and surfaceto-volume ratio might serve as new markers of successful brain aging.
Whereas the volume and shape of subcortical structures often correspond with differences in memory performance (Kaup et al., 2011) , the connections between brain regions also may be useful markers of aging. Here, Fan and colleagues sought to explore different white matter pathways using diffusion tensor imaging through which aging-related declines in cognition occur. Using mediation analyses, they found a shared brain-cognition pathway in white matter tracts connecting hemispheres of the frontal cortex that explained much of the age-related decline in cognition. This shared pathway might be a mechanism through which both younger and older adults recruit additional neural resources through the contralateral hemisphere as tasks become more taxing. However, they also found a braincognition pathway that was unique to older adults that connected the medial temporal lobe (MTL) to the parietal lobe. They surmised that this pathway is preserved into late adulthood and helps to compensate for frontal cortex declines. This combination of declining frontal pathways and preserved posterior pathways offers hints as to which brain regions might need additional protection and which might serve as the first line of 'neural defense. ' Many factors can accelerate age-related declines and potentially short-circuit potential compensatory pathways including one's genetic predisposition and health behaviors. In this issue, Aniwattanapong and colleagues investigated some of these risk factors in a group of cognitively normal older adults, those with mild cognitive impairment (MCI), and those with Alzheimer's disease. They showed evidence that the detrimental APOE e4 allele, folate levels, and triglyceride/high density lipoprotein-cholesterol (TG/ HDL-C) ratio cumulatively and independently predict performance on a newly created Thai version of the Boston Naming Test. While the precise role that each of these potential mechanisms plays in the Alzheimer's trajectory is still unclear, evidence thus far suggests that each may be involved in repairing or maintaining neuronal or metabolic pathways. In addition, these findings suggest that folate levels and TG/HDL-C ratio might be modifiable targets for behavioral and pharmaceutical interventions.
To maintain cognition and mental health in both normal and pathological aging, many studies have investigated the effects of acute bouts of physical exercise (e.g., Colcombe et al., 2006; Kramer & Erickson, 2007; Rogers, Meyer, & Mortel, 1990) . However, acute exercise may be more likely to benefit older adults that have become more sedentary in late life. Furthermore, recent clinical trials have found that acute exercise may not be a suitable intervention strategy to combat cognitive decline after a diagnosis of dementia (Lamb et al., 2018) . While these studies create doubt surrounding the long-term benefits of exercise on cognitive and brain health, few studies have actually measured the long-term benefits through lifelong physical activity. In this issue, Engeroff and colleagues investigated how lifelong physical activity might serve as a cumulative protective factor for cognitive and brain function in late adulthood. They found that physical exercise throughout one's lifetime increased attention and control over interference. Independently, lifetime physical activity also enhanced measures of neurochemical metabolites using MR spectroscopy. These results provide insight into protective factors that help maintain neuronal integrity and possibly prevent neurodegeneration in neurocognitive disorders such as Figure 1 . Seed and Soil Model of Neurocognitive Disorders. Many environmental, social, emotional, and behavioral factors based on one's genes or accrued throughout one's lifetime experiences impacts the balance of neuroprotection vs. toxicity of the brain's microenvironment. The more toxic the brain's microenvironment, the more vulnerable the brain is to pathogenesis, thus increasing the likelihood of the onset of a neurocognitive disorder including Alzheimer's disease. To the extent that critical brain hubs like the DMN and/or the hippocampus are impacted, the higher the risk of such a disorder. These brain structure and functional insults result in observable changes in cognition (e.g., episodic memory) and emotions (e.g., depression). Prevention of surpassing the disorder threshold can occur by (1) reducing the toxic brain load, (2) increasing neuroprotection, or (3) implementing interventions that strengthen the at-risk brain hubs. The brain map in the center of the figure displays resting-state functional connectivity using the MPFC as a seed region (coordinates ¼ À4, 34, À4) in a sample of 1,000 subjects using Neurosynth (http://neurosynth.org). The top brain image shows the connectivity between the MPFC and the hippocampus and the bottom brain image shows the connectivity between the MPFC and the precuneus/posterior cingulate. DMN ¼ Default mode network; MPFC ¼ Medial prefrontal cortex.
Alzheimer's disease. This study also supports recent research that found a reduced incidence of dementia over a 10-year timespan for older adults who self-reported engaging in moderate to vigorous physical activity both at baseline and throughout the 10-year period (Soni et al., 2017) .
Complementary to a cognitive perspective, neuroimaging also is frequently being used to gain insight into mental health in late life. Individuals with subclinical depression are at increased risk for major depression and other psychiatric conditions. In this issue, Szymkowicz and colleagues aimed to identify preclinical markers of depression using measures of brain volume. The strongest relationship they found was between depressive symptoms and smaller hippocampal volumes. They also found a relationship between somatic depressive symptoms and the posterior cingulate cortex. Indeed, evidence is mounting that depression is linked to a decline in neurogenesis (the birth of new neurons) in the hippocampus (Fang, Demic, & Cheng, 2018; Jacobs, van Praag, & Gage, 2000) . While Szymkowicz and colleagues provide evidence that such risk factors might accelerate age-related declines in brain structure, these risks also might put some older adults at greater risk for dementia (e.g., Diniz et al., 2013) .
Converging themes in this special issue
Each of these studies illustrates how individual differences can have a large impact on brain health. While the first structural MRI measures of the aging brain occurred in the early 1990's (e.g., Jernigan et al., 1990) , one common theme across these studies is the continuing role that measures of brain structure have on informing how people age. As highlighted in this issue, some of these new markers are sensitive indicators of age-related decline (e.g., fractal dimensionality and surface-to-volume; Madan, this issue). The need for such macro-level measures emphasize the impact that structural analyses have already had and continue to have in the Gerosciences for understanding factors that may precede cognitive and functional decline indicative of pathological aging.
This special issue places emphasis on MTL structures such as the hippocampus, suggesting that this particular region plays a critical role in maintaining brain health. The hippocampus is, of course, well studied in regard to its role in episodic memory and its degeneration in neurocognitive disorders such as Alzheimer's disease. However, the role of the hippocampus and other MTL structures is growing such as its involvement in working memory (Axmacher et al., 2010) , reasoning (Fan et al., this issue), and even modulation of emotional control (Corcoran et al., 2005; Milad et al., 2007) . The hippocampus is notable because it is closely tied to the default mode network (DMN)-sometimes being characterized within the DMN (Greicius, Srivastava, Reiss, & Menon, 2004; Vincent et al., 2006) and other times being separate from, but closely interacting with regions within the DMN (Westlye et al., 2011) . The brain map in the center of Figure 1 illustrates a functional connectivity map using a seed in the medial prefrontal cortex that connects to other parts of the DMN like the parietal cortex, but also shows its high level of connectivity with the hippocampus. Unlike the selective cognitive role that the hippocampus is known for, the DMN has been associated with a variety of cognitive domains including episodic memory, working memory, and self-reflection (e.g., Hampson et al., 2006; Buckner et al., 2008; Spreng et al., 2009) . It has been postulated that the DMN might be involved in so many cognitive domains because the regions that comprise this network are highly connected to many other brain networks, thus serving as critical hubs for information processing McDonough & Nashiro, 2014) .
Researchers have proposed that the DMN consumes such a high level of energy relative to other brain networks that it might become overworked and subsequently "burnout," thus making it vulnerable in neurocognitive disorders such as Alzheimer's disease Jones et al., 2016) . Perhaps not surprisingly then, additional negative factors like having low lifetime physical activity levels or elevated depressive symptoms might exacerbate these network vulnerabilities. For example, DMN dysfunction has been suggested to precede clinical episodes of depression, thus serving as a marker of affective vulnerability (for review, see Marchetti et al., 2012) . Importantly, risk factors like subclinical depressive symptoms are immediately treatable, suggesting that these age-related accelerations in atrophy need not occur at all.
Seed and soil model of neurocognitive disorders
As comorbid health conditions accompany normal aging, the risk of neurocognitive disorders might also increase. These health conditions may set the stage for a toxic brain environment that fosters pathologic processes like the accumulation of beta-amyloid or neurofibrillary tangles found in diseases like Alzheimer's disease. Such ideas are well-known in cancer metastasis, where the beginning cancer cell acts as a seed and the microenvironment of a specific organ serves as the soil that promotes tumor-cell growth-known as the 'seed and soil' theory (Paget, 1889) . In this analog, the soil (or microenvironment) is just as critical as the initial seed because without the right environment, the seed will not grow. In regard to Alzheimer's disease, the 'seed' is not yet clear, but could include genetic factors such as the detrimental APOE e4 allele or beginning accumulation of beta-amyloid and tau. Regardless of the exact 'seed,' research has repeatedly shown that many factors must converge before the cascade of Alzheimer's disease substantially progresses. For example, a person might have the APOE e4 allele, but that person may never be diagnosed with the disease. It has been estimated that as many as 50% of people who have two e4 allele's (i.e., at most genetic risk) do not develop Alzheimer's disease even into their 80's (e.g., Henderson et al., 1995; Myers et al., 1996) . Similarly, about 25%-45% of cognitively normal older adults harbor beta-amyloid deposits (e.g., Bennett et al., 2006; Price and Morris, 1999) and also may not develop the disease.
In the context of Alzheimer's disease, the 'soil' might be interpreted as the many environmental, social, emotional, and behavioral factors accrued throughout one's lifetime that impacts the balance of neuroprotection vs. toxicity of the brain's microenvironment (see Figure 1) . Critically, it is the soil that allows the seed of pathology to flourish. That is, the more toxic the brain's microenvironment, the more vulnerable the brain is to pathogenesis. Long-term toxic brain environments will likely compromise neuronal processes that help restore and maintain functioning, leading to a systemic network breakdown. For example, these toxic factors could impair the ability of astrocytes and microglia from clearing away waste, debris, and protein collections that keep neurons healthy, prevent the delivery of sufficient blood and nutrients via the vascular system, may limit the amount of glucose needed to provide energy to neurons, or could lead to chronic inflammation (e.g., Jacobs et al., 2012; Schwartz et al., 2013) . Furthermore, multiple toxic factors might be synergistic in their negative effect on the brain environment. For example, having Type 1 diabetes and depressive symptoms might interact to impact the brain environment that over time leads to progressive cognitive impairment and a diagnosis of dementia (Gilsanz et al., 2018) . The aging process also might serve as a toxic factor, in part, because the aging brain might be less resilient to brain stressors (McEwen & Morrison, 2013) . In this intermediate stage of high toxicity, dynamic functional systems are likely to be recruited to compensate or provide scaffolding for the systems that are beginning to breakdown (Park & McDonough, 2013; Reuter-Lorenz & Park, 2014) . To the extent that critical brain hubs like the DMN and/or the hippocampus are impacted, the higher the likelihood of passing a critical threshold that triggers an apparent inevitable series of cell death and detectable behavioral, emotional, and cognitive declines.
The notion of a threshold is being used here differently from that of existent theories. For instance, neural reserve theory posits that a person with greater neural reserve (e.g., brain size or neuronal count) can accumulate more pathology until a threshold is reached to negatively impact cognition and daily functions (e.g., Steffener & Stern, 2012; Stern, 2009 ). This notion implements a threshold in the context of a passive model of brain capacity and does not take into account active compensatory neural processes. On the other hand, cognitive reserve suggests that lifestyle factors (e.g., education, socioeconomic status, job occupation) enables one to 'make flexible and efficient use' of available neural resources (Steffener & Stern, 2012) . This more active model assumes that no threshold exists (Stern, 2009) . Instead, the threshold in our model refers to the level at which the brain can operate normally while retaining sufficient neural plasticity to be modifiable through interventions. Thus, in the context of these other theories, not only might neural reserve be depleted, but flexible and efficient use of brain networks also would be working past capacity. Once the threshold is reached and irreversible neurodegeneration has started, clearly observable changes in cognition (e.g., episodic memory) and affect (e.g., depression) would manifest, thus leading to a diagnosis of a neurocognitive disorder such as Alzheimer's disease.
A recent study discovering a link between two common herpes viruses and Alzheimer's disease provides a concrete example. Readhead et al. (in press) found that HHV-6 and HHV-7, which are known for causing a rash in children, were up to two times more abundant in brain tissue of those with Alzheimer's disease compared with nonAlzheimer's brain tissue. Rather than inferring that herpes causes Alzheimer's disease, this viral activity in the brain might constitute a toxic brain factor serving as the 'soil.' Further investigation found that the herpes virus genes interacted with genes associated with Alzheimer's disease such that only the combination was associated with increased beta-amyloid, tau, and immune responses to brain cells (potential 'seeds'). Thus, having one or more of these herpes viruses as a child might make the brain more vulnerable to pathology later in life and potentially accelerate the disease process-analogous to putting gas on a flame. At the same time, an antiviral medication is not going to be the solution to prevent all cases of Alzheimer's disease. Rather, such pursuits would only prevent an additional increase in the level of brain toxicity, but still leaves room for numerous other toxic factors to proliferate a negative brain environment (i.e., the soil).
Given the 'seed' being planted, the best avenue toward prevention then comes from altering the 'soil' before the threshold is reached. Prevention methods can target (1) a reduction of the toxic brain load, (2) an increase in neuroprotection, or (3) interventions that fortify the at-risk brain hubs. Current evidence suggests that treatment efforts are in vain after surpassing this neuronal dysfunction threshold (e.g., Frisoni et al., 2017; Lamb et al., 2018; . In fact, some researchers are now proposing that this ratio of protective to toxic factors should be optimized by tailoring lifestyle interventions in midlife. By changing behavior early in the lifespan, one can hope to reduce brain damage accumulation and avoid long-term exposure to these toxic factors (Deckers et al., 2017; Lafortune et al., 2016) .
One critically important-and under investigated-area of inquiry is how the many different protective and toxic factors might interact to impact normal brain functioning. The answer is likely not a simple subtraction of the number of toxic from protective factors, nor is a given protective factor likely to 'cancel out' a toxic factor. In fact, each factor likely operates on different neural or metabolic pathways and levels of analysis. The take home point is that the accumulation of toxic factors, especially when not counteracted by protective factors, will culminate in the same macro-structure endpoint: systemic burden on critical brain hubs. The insidious effect of these toxic factors on the brain's microenvironment set the stage to cultivate pathological processes that lead to irreversible neurocognitive disorders. While we have focused on Alzheimer's disease here, this model is potentially generalizable to different types of neurocognitive disorders and possibly different brain hubs (cf. Seeley et al., 2009 ).
Brain-targeted interventions
The converging threads in this special issue provide an example of how structural neuroimaging can bridge cognitive and emotional systems through a single brain network-in this case, the DMN. While originally derived to test the effectiveness of promoting cognitive and emotional well-being, some interventions in older adults have begun to shed light on how brain regions are altered as a result of interventions. Not only does neuroimaging provide a mechanism for intervention effects, it can also provide a new target for similar or future novel interventions (Alderman et al., 2016; Dahlin et al., 2008; Shors et al., 2014) . For example, aerobic exercise training in cognitively normal older adults has been found to increase hippocampal volume, thus reversing age-related brain atrophy by an estimated 1-2 years (Erickson et al., 2011) . Similar results of aerobic exercise on hippocampal volumes have been found in older women with MCI (Ten Brinke et al., 2014) .
Another growing area of intervention research is through the implementation of mindfulness-based stress reduction (MBSR). MBSR courses consist of multiple techniques aimed at focusing one's attention to improve one's well-being and reduce one's levels of perceived stress. MBSR in neuroimaging studies often includes practicing mentally scanning one's body, mindful yoga, and sitting meditation. In one of the earliest studies to test MBSR on brain anatomy, H€ olzel et al. (2011) found that a group of young to middle-aged adults evidenced increases in gray matter in the hippocampus and regions of the DMN over 8-weeks. Wells et al. (2013) found similar increases in a small sample of older adults with MCI. In that study, both the MBSR group and the control group showed hippocampal atrophy over the 8 weeks, but the MBSR group showed signs of atrophy slowing relative to the control group. This evidence suggests that while MBSR successfully targeted the hippocampus, participants with MCI might have surpassed the critical brain threshold to reverse the progression of the negative toxic brain state, consistent with the proposed Seed and Soil Model of Neurocognitive Disorders. Similarly, Pickut et al. (2013) showed increased gray matter density in bilateral hippocampi after 8 weeks of MBSR in a small sample of adults with a mean age of 61 with Parkinson's disease.
Conclusion
Scientific knowledge is steadily being cultivated around those factors that might influence the ratio of protective and toxic factors that threaten successful aging. This knowledge has already impacted (directly or indirectly) the incidence of neurocognitive disorders such as dementia in some countries such as the U.S. and the U.K. Even though the exact causes of these reductions are not known, researchers have speculated that they could be due to the general improvement in health and lifestyle factors, including greater average levels of education, physical activity, better control over cardiovascular diseases, and cognitively stimulating leisure activities across the lifespan (d 'Orsi et al., 2017; Matthews et al., 2016; Wu et al., 2016) . These lifestyle modifications promote neuroprotection and reduce toxic brain factors that might reduce the brain's vulnerability to pathogenesis. Without the proper brain environment to promote disease states, genetic or other seeds to disease are less likely to flourish. As outlined here, a central tenet to the Seed and Soil Model of Neurocognitive Disorders is that both the 'seed' and the 'soil' are necessary components that cause neurocognitive disorders like Alzheimer's disease. The combination of the two compromises neuronal processes in key brain hubs, thus leading to systemic network breakdown. We propose that such a breakdown can be prevented by reducing one's toxic brain load, increasing one's neuroprotection, and engaging in interventions that fortify the at-risk brain hubs. However, more research is needed to identify (a) which combinations of behavioral factors would be most optimal for an individual to pursue to prevent neurocognitive disorders, (b) when during one's lifetime such changes should be initiated, and (c) what neural pathways each work through.
